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0 Movol bisrrwileimides yf Hie formula 
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wherein n-i,2 or 3 ore formed in t«o steps by reaoino a diamine and maleic anhydddo to form a 
bismaieic acid which Is reacted with acetic anhydride in the presence of acetone to form the bismaleimld* 
Thio con then bo further r&aulud with a nigh molecular weight rxdyoxyaiWylon&arnino ro3utting in a novel 
bismaleimido derivative of a higher molooutar wolght polyuxyalkyleneamine, which derivative has the 
general formula; 



xerox Copy (Jentre 
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wherein R 1 and R 2 sr* independently afkyl or hydrogen, x, y and z demand on tfte amine Used, n is 1 . 2 or 3 
and m is predominantly 1. 
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NOVEL BISMALEIMiDE DERIVATIVES 



This invention retetoc to bi3malcimides. Mure particularly, this invention relates to novel bismaleiroiUy 
derivatives obtained from oxyethylfin* diamines and anhydrides or hiyhyr molecular weight DOryo*yalkyfene 
aminec. 

S Bismafeimidfi polymers are important primarily for ihcir thermal stability, which usually result© from 
aromalicily in the structure. Although the majority of bismaleimidcs have therefoiw been prepared from 
aromatic diamines, aliphatic compounds can also provide Oenefits in improved procescibility, flexibility and 
soluotllty. Btsmaleimtdes have, tor example, been preparod from aUcylenetJiarnlnes (J. Appl. Poly. ScL 2S t 
891-899 (1084) end from JEFFAMlNgfc ED-diarnin.es (U.S. Patent 3,951.502). fn a ccri<33 of Japanese 

10 patents issued to Mitsui Tnatsu Chemicals (JP 82 205.413; 83 40,374; 83 1t>,b15: 83 136.637). his- 
maletmides wore also prepared from examines such as 4,7-dioxadecsne-l,iO-diamin0 (reduction product OT 
cyanoeth ylated ethylene glycol) 3nd related diamines, these are used with ooly butadiene in preparation of 
copolymer. The malelmlQo of irietnylene glycol monoamine Is also reported in ono of these paiems. Use oi 
The nxy ethylene group to Increase flexibility has been affective in some other types of polymers as well. In 

75 J. Macromol. $cl.~Chem- t A21, 1117*1135 (19ft4) there is doecribod preparation of "reactive ptesiicisers* 
with acetylene endgroups and internal oxyeibylyne groups, Steneenberger. in Gftrm?n Patent No. 2,127,024 
• disclosed the preparation of an aliphatic bismaioimide from 2.2,4-trimeihy ll iexane-i ,6<li amine and in 
German Potent No. 2.1C5.974 ho described Its thermal polymerization. 

The use of mixtures of rvilyovyalkyign© bicmaJoimidea (with molecular weights greater than 400) and 

so aromatic bismateirnides in preparation ot flexibilteed polybismaleimides >s dieclocod by da Koning in 
European Patent Application No. 208,383. While the heat distortion temperature tell with increasino amounts 
of fbxibilizJng bismalelmlde, the elongation and flexure at hrAftk both increased. 

In U S. Patent No. 4,237,262, Jones discloses a low temperature curable composition comprising at 
foast one curable polyimice oreoolyroer formed by heating an aliphatic oxyelkylcn© bisniaielmlcie with an 

2S ftromatic polyamine and at loost one aromatic bismyielmla© ana at Jeast one aliphatic epoxy resin. Tho 
reaction product provides at least two functional epoxy groupe to provide a low temperature curaDle 
composition. In U.S. Patent No. 3,301.902 Junys et ah Oisoose a compliant polyimicfe having superior 
thermal mechanical properties produced hy reacting an aromatic bia(furfuryiimldd) with an aliphaac ether 
bis(maleimidG) via Q Diete-Aldcr reactoi. 

30 in U. S. Patent No. 4.116,937. .tones also diccloeoe a rcain system piopared by Mlcnael addition of a 
mixture of oxyeikylonc and aromatic uismaietmioes to aromatic diamines. The oxyalkyleno biomeleimides 
have molecular weights of about 750, and the product is a glassy solid at room temperature. 

In the work desciiU?d in 4.1 16,937 the objective was to make elactomere. The elongations foe the 
polymers desrvibed in the exampJee theroin ronge from 70% to 170%. These polymers were probably not 

as very li^id, this property Deing a function of the molecular weight of the aminos used and ih* distance 
between maleimide unite. Anothor disadvantage is thai Uiy amines useo here are aromatic amines, which 
art; in many cases known of susDected to be rtardnogenic or otherwico toxic; although lire Issue is not 
specifically addroeeod, it \o not llfcaly the "flexible polylmlde precursor", with its arnmatic content, would be 
soiuoie to any great extent in water. 

*0 NagocaW, in European Patrol Application 191,931, reveals the use of certain oxy alky lone biernaletrmdes 
in ruDDer compositions. 

A curoble rosin composiUun Is disclosed in Jpn. Kokai Tokkyo Koho JP 58, 136,637 [S3.1 30,007] 13 
Aug. 1983 to Mitsui Toatsu Chemicals. Tho compounds contains an aliphatic imtde and polyburariiene 
containing douute bunds. 

as A Japanese Patent to Mitcui Tootau Chemicals, Inc. (JP 58,t27,jr3b |83,127.735] (CI. C08G 73/10). 29 
Jul. 1963) discloses neat resistant electrical insulators for printed circuit boards which are prepared rrom 
mixture© of aliphatic polyethor btsimides, arvmatic bisimides and diamines. 

An article dy White in Jnd. Eng Chem. Prod. Res* Oov. 26, 305-400 discuses the Tact that bisimides 
offer potontiol for tha synthesis ut hiyh-rnolecular-weioht, step growth polymers. It is stated they ore flanked 

$0 DY two elsctron-withdrawfno carbonyl groupe, 3nd the clectrophific maMrnlde carDon-carDOn-double bond is 
especially labile to ouclwuphlllc attack and yields Michael type adducts with both amines and thiols. The 
paper fnensps on the roquirernentc for preparation of lliase polymeric Michael adducts. with additional 
emphasis un the effects Of me enormous stnjr.tnrpl variety available within the class in lite thermal ana 
physical properties of those new resins. 

in the an experimental data ar* available wherein polymers wore synthesized wnich are structurally 
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related to those formed by nuclcophilie or Michael addition of aiaminoarenes, bur which had more flexible 
DacKDones and lower glass transition temperature (Tg). "fraction of Diammoaikanes with Bis- 
rn3Jc/midc3: Synthesis of Gome Unusual Poiyimides". Journal of Applied Polymgr Science , Vol 29, G31-899 

3 3hav* and Kinluch have studied tne effects of rubber roncentration on the morphology, bulk mechanical 
and thermal propsrtte* and tho adhesive strength ol the btemaletmide by the addition of various amounts of 
a carrx>nyKerrninated butadiene (CTBN) rubber toughening agont, and concluded that surprisingly large 
amounts of CTBN rubber can be added to substantially improve the f rectum resistance of the biemalcimide 
restn without sacrificing other important propcrtica. {see Toughened Bismaleimlde Aanesives". Int.l 
w Adhesion, July 1965. pp. 123-127.) " 
A growing number of applications for polyimidss are dbujssed In an article titled "Premium Perfor- 
mance Trom polyimides" in ME, January 1986. p. 14-1$ 

In U.S. Patont No. 4,277,502 Muoller discloses water-insoluble hyarophilic copolymers consisting of a 
flVdrODniliC polymer of monoofefmir: monomers crose-linkod with o major amount ur a dloieflniC non- 
re hydrophilic macromer. 

Polymerization nf thp bismaleimide of dimer diamine, which also contains * hydrocarDon backbone. Is 
disclosed ia IL3. P&teut Ko> 4,564,663. The product polymer is hard anrt th»rmatty stable. 

It appears there is a largo market for biornolelmidoa and a yuud deal of research in tne art has been 
UUvcted toward studying properties 0* and better methods fnr producing thes© compounds. Biamalelmidc 
so compounds are increasingly important in high performance polymers commonly used as matrix resin for 
composftes. ft is betteveo that the DolybSsmatetmidfi derivatives ©i the inetant invention, parti culaiiy those 
derived from di-. tri- and tctraethylena glycol dianiiiwsi Jncludlng Oisamwoethyl ethef. JEFFAMINB$> EDR- 
n^d and JfchhAMlNE^ EDR-192 wouW be useful as monomer© in homopolymera and eupulymers and 
would exhibit advantages including iinpruved flexJDWty, processlbilitv, toughness and snlnbitfty. They could 
25 be used alone or in combination with other materials such ac aliphatic or aromatic diamines or unsaturated 
compound* (including aromatic bismaJelmldes) to give copolymers. Additionally, the polybifimaloimid© 
derivatives from higher w«5ght polyoxyalkylene aminoc hove the advantage that aromatic amines, which are 
in many cases Known ur suspectea to be carcinogenic or otherwise tovic. are not used to prepare th$ 
material*. 

30 ht anuUw embodiment of the invention monomers am prepared from higher weight polyoxyal- 
kyleneamines having a polyoxyalkylono backbone and aromatic Usrnalelmlde termination. 

The products resulting tram the tatter embodiment would be of particular intorcat because thx>y <ict? 
formed from the reaction of two commercially availably materials. Tne metnoa of preparation disclosed is 
much easier than the direct route, using malnir. anhydride. These materials ore useful in the preparation ot 

ae homopolymcrc and copolymers that may u<? suitable as matrix resins in composites. 

J he series of oxyethyiena diamines consisting of BAHE (biaomlnocthyl etfw, uc dlethylene fllyco* 
diamine), JEFFAMINC© EDFM48 (tr'rethylene glycol diamine), and JEFFAMINE© FDR-192 (tetraethytonc 
glycol diamine) are promising candidates for conversion to bi3maleimides (eqs. \Z). Incorporation of 
bismalcimides made from these diamines could give new prepolynws end polymers with enhanced 

40 flexibility, prorj^ibifity or solubility. The polymor prepared from the adduU of 6DFV14& arvO fcl}R^48 BMI 
iwas a relatively hard maienal with a high tlexural modulus (r.lnse to 500,000 psi). in tho instem Invention 
there was (ess distance between tho maletmWe units thart in, Cw example, the case ot 4,U 6.937, whnre the 
amines had a minimum molecular weight of 600. and therefore the instant polymera exhibited more riyidlty. 
Another advantage of the inatenA invention is tool ttv& pTepolymer products exhibit solubility )n water, unlike 

4$ products resulting from the use of aromatic amines. 

One derivative, In particular, Uifc LrtsmatelmlGe ot trietnytene g\ycol diamine This bismateimide chould 
be Quite useful as a monomer, but it is solid. Thie detracts from the usefulness for many applications. By a 
method disclosed in another emoodiment or the instant invention it is converted to a liquid form suitable for 
polymen*2ation. Wai*r-scJuble biemaJoimidca end polybismaJcnnidws have been soupht in recent years, nnn* 

5u compounds sucn as me prepolymers ot this invention cnuld prove to be especially uocful in this respect 

In accordance with tho proccnt invention the»"e is yiuvlded a novel bismaleimide derivative which is of 
the formula A or B and is formed at a tempArature sufficient to caucc thermal reaction between heated 
components of the mixture of: 
(a) st least ons diamine nf thn formula 

55 NiNCI l 2 CM 2 -(K)CH2CH2-) ft -NM2 
wherein n equals 2. 3 or 4 and 
(b| maleic anhydride 

wherein compononh; (a) end {b) form a bismatearnic acid represented by the formula 
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0 0 

" II 



HO' 




whlcn is further reacted with acetic anhydricte In form a bismaleimide of the formula A; 

0 



? 0 



75 



wherein n = 2, 3 or 4, which optionally can be further reacted with a polyoxyalkytenoamine witfi a 
molecular weight greater than about 200 resulting in <s bismalelmlde derivative ot a higher moler^tar weight 
poiyoxyalkyleneamine of formula B: 



6- 



0 

If H - 1 * H 

^ M-CHP. CH 2 0-J -(CHR-CHjO-) -(-CHjCH^O.) r CH tHR 1 / 



v- 1 
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R-CH i CH 2 .{OCH 2 CH 2 -) j| - 



A- 



wherein R 1 ond R' ero independently alkyl Oi hydrogen, x, y and 2 depend on the amine usftri. n is 1. 2, or 
3. and m is predominantly V 
35 Tho oxyothyiono bismaldimiUc C*siird«Yes are prepared irom an oxyethylene diamine having the 
formula: 

H 3 NCH:CH2^*OCH2Cr1zVNM2 (!) 

where n = ?. 3 or 4 which is combined with maleic anhydride of the formula: 



4% 



0 



(II) 



so 



55 



to form a bismaleamic acid of tha fnrmute: 



0 0 



0 0 



CHI) 



which is reaa8d wrin acetic anhydride in tha presence of aeeton* solution to form o bismaleimlcte ol the 

formula: 
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(IV) 



Tho novel biemaJcimtde derivatives of hlgner molecular weiQht polyoacyaiicylenoamines represented by 
the formula; 



t 




R-CH 2 CH 2 -{OCH 2 CH 2 -) n - 



35 ore forniet* by combining 1 and It to torm 111 and IV which is then furthor reacted with a polyoxyal- 
kyleneamlnfc with a molecular weight grccter than about 200 to torm trie above. 

In anv>0»wJ embodiment aromatic bismaleimlrie derivatives arc prepared by reaction ol potyoxva!- 
Jcyterieamines with commercially aveilabl;© aromatic Dlsmaieirnides. These materials are ueeful in the 
preparation of nomopolymers and copolymer?* that may bo eultablc aa matrix resiiis In composites. This can 

30 b© represented by tho following: 



40 



45 



50 
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where FT and R= are inoependenily alkyt or hydrogen, x, y, and z depenu" on ine amine used, n 15 1 , 2, or 3, 
And m is predominantly 1 . 

Preparation of monomers containing polyoxyelkylene backbones ano aromatic bismalQimid© termination 
in thiG oecond embodiment Is much easier than by direct rout© (roaction of the puiyoxyaikyteneamine with 
5 maleic anhydride); from monomers biamaleiiviiUe copolymers and homopnfym&rs may be prepared by 
several methods. . 



Diomine Starting Materials 

to 

The oxyethylene diamine reactants represented by (i) above include di% trt- p and tevaethylene glyr.nl 
diamine compounds. 

01 special note are the MFFFAMIIME"® EDR ccriea diarn^". The structure or "JEFFAM1NF0 EDR* 
can bo goncricaily illustrated as follows: 

where n » 2. 3, 

In one exampte the diamine weed \z JEFFAMINEO EDR- i 48. JEFFAMINE® EDR-148 is the trademark 
for a triethyleiw ylycol Olarnine produced by Tnxaco Inc. In another example the diamino Is JEFFAMINE® 
EDR-nfi? JEFFAMINE© EDR-102 ia the tredeniark for tetraethylene glycol diamine produced by Toxaco. 
20 Preparation of the bismaleimides is effnnted by reacting a diamine with Z mviws of maletc anhydride. 
Those reactante are mixed wrth a small amount of SOlvem to Tacititate the mixing procec* and the aolrent is 
subsequently driven otf after the bismalnimide is formed. 



2g Preparation of the Qisrnaletmides 

The bismaJelmidw product Is preferentially formed when a bicfamic acid) (prepared from tne ox- 
yethylene diamines and maioic anhydride) 13 reacted wiui an excess ot anhydride at autogenous proscwo 
at a temperature within tne range or about 50" C tn about n 50 "c for a rcection time wiUrtn the range of 
30 about as *n about 12 hours. Good results ar© obtained by riBating the mixture at 6ft" to tOO* C for 0.5 to 4 
hout'S to provide complete reaction of the diamine and the anhydride. Normally, the reaction will to to 
rnmpletion after a reaction time within the ranyu of about 1-2 hours. 

The reaction is complete when essentially all of the diamine has reacted with the maieic anhydride, 
tinder the noncatalytio reaction conditions ymployed herein, the amine groups °' *h d polyoxyalkyleno 
& diamine are essentially unreactive with sach othor. 

The biemalcimide monomers 011U prepolymers that are formed by the prococc of tho present invention 
are liquid or crystalline solid materials having a molecular weight within the range of about 2fiO to about 
1000 or to about 0000 in the case ot the rusher molecular weight derivatives containing no temwial primary 
amine groups. 

*o The reaction mUlure will compnse a diamine addlrinn product which may be generally cliar3CT9rlSea by 
the following, formula: 



0 0 



45 




wherein n represents 1 . ?, 3 or 4. 

A veriety of molecular configurations is possible for the bismaleimidco of tho present Invention, 
depending on the starting material©. For example, wheic Ui© starting materials are bisaminoethyl other and 
maieic anhydiids, the btsmaleimiae will have the formula: 
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U 

•A, 

NCH 2 CH 2 OCH z CK 2 N 




The bismateimirlp. derivatives of higher molecular weight polyoxyalkyleneamlnes are formed by rearing 
the bisni&iwmtiUb formed by the process described abova with high molecular weight potyoxyatKylene 
?rn*»nes described below. 

Where JCFFAMlNBa 6UH-192 is reacted with maleic anhydrida. tho rooctfon produce that is formed will 
b© composed principally of o biamaleimide addition product having trie formula: 

0 



NCH 2 CH 2 0CH 2 CH 2 OCH 2 CH z OCH 2 CH 2: N 



20 



0 



In another ernhod'ment of this invgrttion ihe eolid biamaleimides of this Invention are converted to liquid 
yruputy piers. 

3(9 The significance of thie invention io that tho bismaleimiUe of methylene glycol diamine or other solid 
oxyetrtylene bismaleimioe snould be quite useful as a monomer except that ft \o a 3olid, which detracts from 
its utility for many application^- By conversion intu the prepolymer the oxyethyiene Nsmaiefmido Is 
unexpectedly converted into a flould form suitable for polymerisation. The liquid produuu* can be cured 
thermally to give hard polymers. The polymers are potentially usetul as matrix resins or components thoroof 

00 containing ether linkages that may Impart improved prococeibUity. 

The liquid form is obtained Trow Uiu blsmaletmlce by reacting the solid with EDFM48 to ojvo a liquid 
bismaleimidoaspartimicte prepolymer. In many application© liquids are preferable to solids and the liquid 
prepotymers can be cuhsU thermally. 

This can b« represented by equation 3: 



40 



H 2 NCK 2 CK 2 OCH 2 CH Z OCK 2 CH 2 NH 2 + 




HCH z CH 2 0CH 2 CH z 0CH 3 CH ? 



so 




^>CH z CH 2 -(-0CH 2 CI« 2 0 n -O 



R . -CH 2 CH 2 -(-OCH 2 CH 2 -) ft - 



k 0 



wnere m = d, n=2 and k is predominantly 1 . 



8 



6P 0 318 182 A2 



Examples Por The Preparation of Diamine Dismale'tii tides Prom QxyeUiviene and Anhyririd*? 

The preparation of the prcpolymei is carried out at temperatures up tn t?5* C and polymerization is 
carried out at subatmospheric or superatmacphcric pressures, 
v In Cpectfic Examples 1 to VI the preparations of threA bismaleamic scids w©ro quite similar and were 
ba<ed on th? preparations of biemaloimidea from alkylcne-dlamlnes reported by White (J. Appl. Poly. Set 
29, 891-899 (19B4), incorporated herein by reference. 

Specific Example vit demonstrates u»y preparation ot the blsmaieimidoaspanimide 
Specific Example VIII r1&mongtrat«5 tho ueo of tho bi3meleirmdoa$paaimide in polymer preparation. 
io The following examples are given in the way of illustration only and ar© not intended as limitations on 
the scops of the invention* 

SPECIFIC EXAMPLE I 

In the preparation or the blsmaleamic acid Trom Methylene glycol diamine, mateic anhydride (62 g. 030 
mmol) was dissolved in 250 m [chloroform; the solution was cooled lu 8 C In 500 ml,3-necked round- 
bottomed flash equipped with magnetic stirrer and nitrogen inter Triethylene glycol diamine (40 g. 320 

20 mmol) w«5 added dropwis© (with the tomporature kept below auuul 10 C) over a period of three hours, 
which led to precipitation ot a white solid within the first hour. After tho addition was complete, the slurry 
was allowed to warm to room temperature and slit red for two Hours more, ine mixture was then filtered; 
after it was dried under vacuum a white powd^-r (10s g. Q5°A) wae obtained , m. p. iC0-i5t,5* c. TJiration ot 
thie eolld chowod on acid content of 5.77 ru«q/g; ineoretical aclO content is 5.78 mflryo- Spectra (nmr, ir) 

25 were consistent with the assigned structure. 

SHfcOKlC EXAMPLE » 

30 

Preparation of the tctraothylen© glyool diamine meJeamic acid was carried out similarly, but this material 
did not precipitate as a solid. Near tfte end of the addition two phases appear 9d; tho upper phase was a 
chloroform solution of the biematoamic ecld. After removal uf the chloroform^ the residual oil sotidlfiftri and 
gave, after crying under vacuum, a white powder (53 q\ 87%). m. p. 96-101 * C. Titration of this solid yave 
as an acid content of 5.24 mogVg; theoretical add content Is 5.1$ meg/g. Spectra tnmr. ir) were consistent with 
the assigned structure. 

SPECIFIC EXAMPLE lit 

40 

The bismaleamic acid from diethylono glyool diamine precipitated irnmedlately on aooition of the amine 
to the anhydride solution and was isolated as a white powder After it was dried undor vacuum 00.3 g (96%) 
was obtained, m. p. 164-166* C. The acid content was found by titration to be b\73 meq/g; the Thenrptfcal 
45 acid content is 6.bV mOQ/g. Spectra (nmr, ir) were consistent with tho aecignod structure. 



SPeCtFlC EXAMPLfcS IV- VI 

Examples IV through VI ropreeent the second step of the two-step process wnerein tne bismaleimides 
are prepared Trom the bismaleamic acids. 

The biemaloimidoe wore prepared by reaction ur the bismaleamic acid with acetic anhydride! in acetone 
solution in the presence of triethylamine and acetate salts. 

66 

SPECIMC EXAMPLE IV 
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In rhfi preparation of Methylene glycol diamine Dismaleimide. fh* bismateamic ecld (00 y, 0/17 mOf). 
ttielliyti*mine (11.5 q, an mol). and sodium acotsto trihydrate (1.9 g, 0,13 mol)) were added to acetono 
(200 ml) in a 1000 ml 3-nocked ruund DOltomea ttask titled with nitrogen inlet and magnetic Stirrer, Acetic 
anhydride (110 0- mt > ] ) wsfi ^©d, and the resulting mixture was heated al reflux (70*) for 2.5 hours; 

6 during this period Ihe solid dissolved and the solution darkened. About 00 ml acetone were then distilled 
The residue was allowed to cool to 50 , and must of tne rest of the anetono was removed under vacuum 
with trie temperature Kept below BO" . Some* solid appeared in the daik residue, and the resulting paste was 
poured into 500 ml stirred distilled water. A precipitate formed and was filtered from the daik solution, then 
waS59(J on the filter with methanol (3 x 40 ml) and dried undei vacuum to give 20 g (37%) off-white powder, 

to m. p. 02-90* . Gpecua (nun, lr) were consistent with the assigned struoturc. 

3PECIPIC EXAMPLE V 



When tetraethylene Qlyool diamine (JEPFAMINE® CDfVi92) was the Dismaleamlr. acid precursor, a 
ooRd bremoleimide could not be propareo. instead, a dark, viscous liquid formed *iHc\\ was more soluDle 
than the other two products and could not be induced to solidity. The proton nmr. spectrum of thiE material 
appeared to be that of a mixture containing a maior amount (ca. 70% by nmr) of the desired bismaieimide 
20 alono with smaller portions of unidentified impurities. 

SPECIFIC EXAMPLE V| 



Proportion of the bismaieimide from diethyiene glycol diamine was carried out identically and anorded 
a very light tan solid. m.rv 154.5-156.5* . Spectra (nmr, ir) were consistent win the assigned structure. 

Heating of these Uismalelmiaes alone at 180*-200" far 0.5-1.0 houre gave hard, transparent, somewhat 
brittle brown polymers deoompoaition lomperatuie-* found by thermogravim«tric analysis to be 
approximately 440* C (blsaminoetnyl ether derivative) and 400 " C (triothylone glycol diamine derivative. 

SPECIFIC EXAMPLE VU 



Example VU demonstrates the preparation of tho biamaloimidoasuanirniae from the triethytene- glycol 
biemalsimlde. in o 250 ml OnecKwJ rouna-DonomeO flask, under nitrogen, a solution of triothybim glycol 
diamine (1.689. 11.3 mmnl) in 10 ml chloroform is addod drey wise to a solution of triethytene glycol 
biamdeimlde (7.00g. 22,7 mmol) in 40 ml chloroform at 40* The resulting orange soluiiun Is neated at 
co reflux for 1.5 hours and then concentrated under vacuum lu give immeaiately 8.1 g of the prepolymer ac o 
viscous orange liquid. 

SPECIFIC EXAMPLE VUl 



fcxample Vltl demonstrates the usq of tho biamaleimidossuanlrnlde in polymer preparation. A 17-Sg 
sample of the prepolynw was heated at t>0* under vacuum for 3 houre. thon poured lolu a 5* x 3.2b" mold 
which was placed into an oven at 126* . The oven was heateo TO Tbo " over a on* hour period and then 
oo held at 165-175* for an additional two hours. The product polymer woa obtained as a hard, red, lairly stiff 
plaque with a room temperature floxural modulus (ASTM D-790) ot 460,000 psl. 

Oilier examples include bismaleimides of 2,4-toIuenediamine, 4,4 -diamtnoaiphenvlmethanB. 
diaminobon2one and 1 ,3-diaminobenzent?- 

One aromatic bismaieimide which works well ic 4,4 -bismaleimiUudlphenyimethane (MDARMl), shown 
SB below; 
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Examples for the Preparation of thf? Bi$mgtelmid& Ogriuativoe of Higher Molecular Wciyhi FolyoxyaJkyieneamines 

15 

The novdl UsinalelmlCQS are prepared by reacting low molecular w^nt oxyothylenediomines witli 
higher molecular weight potyoxyafoylonoBminea to torm bis (malelmiooaspaairntoe) compounds. As men- 
tioned tne reaction is a Michael addition. The reactim works particularly won wrth propylene oxide capped 
pofyoxyalkyloneamrnoe. The low molecular weight uismalelmioes react with the propylene oxide capped 

20 diamines in a 2n ration to give bis*MichapJ arlrfucts. 

In tho mothod of tho instant invention Uiw btsmalelmide is dissolved in Chloroform and the polyoxyal- 
kyteneamine is gradually added. ThA resulting solution Is etirrod at a temperature of f»um 20 "C to 140* C 
with tho preferred rang© being 40*80 * C for a period of Trom 1 to 4 hours. The chlnroform is then romo^od 
under vacuum with thft temperature kept below 56* C. In most cases the product is a liquid at room 

^ temperature. 

In thfi method of this invention, tho proecuro may range from 0.5 am to 50 aim. The preferred pressure 
is #U»o$phttric. 



00 Tho Polyoxy3ttcyl©n©3minoo used for the preparati on or derivatives with higner molecular weight. 

Generally, polyoxyelkylen ©amines whidi will work are those witn a molecular weight of greater than 
2GU 

One group of suitable amines oio uviyoxyalkyienedtamines ot the formula: 
NH2CH(CH 3 )CHHOCH 2 CH{CH»)L t -NH3 

Compounds having the abov* formula include JEft* AMINE© D series diamines which aro baeed on a 
polypropylene glycol (PPfi) backbone and ar© 3voibblc in a variety of molecular weights. Tnev are low 
viscosity, light-cotorwd liquids exWDltlng low vaoor pressure and hinh primary content. D-eorlo3 emlnes 
include D-230. D-400 and D-2000 with approximate molecular weiyhls of 230, 400 and 2000 respectively. 
40 Ouvd results were obtained using D-400 as demonstrated )n .Specific EXAMPLE 1. 

Another group which can bo used is wator-soluble diamines based on a predominantly polyethyinnc 
glycol (PEG) backbone ot the formula: 

NH 2 CH(CH5)CH 2 -[OCH(CH3)CH- <i l t "{OCIl2CH2]y-tOCH2CH(CH 3 )] 2 NH2 

PolyOxyethylenedtamines having this formula include the JEFFAMINE0-CD series diamines. ED series 
4S include ED-600, ED-900 and £0-2000. having approximate molecular weights of 600, 900 and 2000 
respectively. 



Aromatic Blsmalelmldes 

Wfiere aromatic Dismaleimide derivatives of polyoxyaJ(cyl»neamine£ ore the desired product suitable 
aromatic biem3Jolmidc3 can be selected from among those whicn are commercially available 
One suitable aromatic bismalflimide has the formula; 



SB 
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Preparation of th9 aromatic bismaleimido derivatives should be carried out under a temperature of from 
46* C to 75 *C, The pmfcrred temperature is under approximately i2G* C. 

The products resulting from this method are uswd to make polymers by reacting them at a temperature* 
of at least 130*C for about 30 minutes to 2 hours la the procence of either <nt additional amount of th© 
hiQhe.r molecular weight bicmoieimido derlvalivo or In the presence of a suitable copolymer. 

The following examples are given in the way of iltuetration only and nre not intenoed as limitations on 
the scope of tho invention. 

Examples I through IV demonstrate the proportion of bismalelmloe derivatives of higher moiocutor 
x^eight polyoxya/kytenaarnloes. 

In these preparations th© diamine (neat or in chloroform solution) is aoaed to a chloroform solution of 
the oxyethyfene bismaMmlde. The following illustrate.? th© procedure for two different polyoxyal- 
kyieneaminas. 



25 



SPECIFIC EXAMPLE I 



35 



Tho biemaloimide of bisamtnoslhy! ether (2^o<3, 93 mmol) was dissolved In 175 ml chlorofontt at 55* C 
In a t>00 ml 3-necked round hnttom flask; the D-400 (I8.6g, 48 mmol) was addec over a 10 minute pon'od. 
The resulting solution was heated at 55 *C Tor an hour and then allowed to oit at rooni temperature 
overnight The chloroform was removed undor vacuum, wiih trie temperature kept below ss'C. leaving o 
tan paste, 47g, 110% (chloroform not entirely removed. Th© nmr analyeie of thia material was as expected 
for the desired product. 



SPECIFIC EXAMPLE tt 



40 



-55 



Th© biemateimidc of JEfTAMlNE© CDR-148 {Methylene glycol diamin©) M.lg, 45.0 mmol) was 
dissolved in 100 ml Chloroform in a 250 ml 3-neckod round-bottomed flask. The El>900 (20.0Q. ?22 mmol) 
w^B added in a steady stream, and the resulting orano© solution was heated at 65 "c for 2.5 hours. Tne 
chioroform was then removed under vacuum, with tho temperature kept below 55 *C. o iv »ng a vieooua, 
rather turbid brown iiuuid, 33.1 g, 87 To. The proton nmr spectrum of thlc moterial was as* expecteo Tor the 
desired pmr1iir_t 

Use of these products in preparation of polymers, both alono and with other bismalelmides, is illustrated 
in the following examples: 



SPECIFIC EXAMPLE 111 



55 



Th© product vf Example tl above (1.0g) was h^ted with tho btemaloimide c/f OerFAWUNt© EDPVl<tfl 
M.P.Q) at 185'C for 45 min. The product was a clear, rtara\ dark oranga polymer with a decomposition 
temperature 07 380* C determined by tga in nitrogen. 



SPfcURC EXAMPI E IV 
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The product Trom Example I ahovo (2,Sg) wae heoted at 1 80 C (after a brie; initial heating to 2i 5 " C) 
for one hour. The product was a clear, TlexiDie, orange polymer with a decomposition tompei arure Of C 
determined by tfja in nitrogen. 

Examples V througn IX demonstrate tha method of producing an aromatic Usmaleimide derivative and 
the use of th© producto in hornopolyt nervation and copolymeri2ation. In a general preparation uf the 
compounds ot tnis invention, a chloroform solution of the poly oxy alky lene diamine is added to a chloroform 
colution of the aromatic bismaMmlde. The resulting solution is optionally hooted end then cvricemratea 
under vacuum to afford the bismalelmido product, which can be polymerized. 



SPECIFIC EXAMPLE V 



is Reaction of JEFPAMINEft P-400 with 4,4 -bismateim i dodiuhenylmetfrane (MUABMt): 

The MDABMJ (8.S29. 23.3 mmel) t#bs dissolved In «*5 ml Chloroform at 40" C In a ?50 ml 3-neckod 
round-oonomea fiasK under nitrogen. A solution of JFFFAM)NE<» D 400 (4.Dlg. 12.0 mmol) in 5 ml 
chloroform W3e added dropwisa over a 5-10 minute period, resulting in a darkening of the solution. The 
^0 chloroform was removed under vacuum, with tho solution hooted in a hot water bain, leavino 12.5q of 
glacsy oningo ootid, 

SPECIFIC EXAMPLE Vr 



Reaction of JEFFAMINEO ED OOP with MDAB MU 

30 The MDABMI {6,00g. 16.6 mm<?l) na6 dissolved in 40 mi chloroform at 45' C. A solution of ED-000 
(7520,, 6.3t> mmoU in 5 mi chloroform was addsd dropwice ovor a 5-1 0 minute period; the resultinQ orange 
eoluBc-n wee otirrod at 40-4S*C fen* two hours, tnen concentrated under vacuum (heating with hot water 
oath) to I2.0g of a very viscous orange Kquid. 



35 



SPtUlFIC EXAMPLE VII 



40 Reaction of JSF FAMINE® EPR-148 (triethylenftQiycol diamine) with MPaBMI: 

Tne MUABMI (8.00g. 22.3 mmol) was dissolved in 50 ml chloroform and heated to 40 " C The EDR-148 
(i.66g, 11-1 mmol) was dissolved in d ml chloroform and added dropwkm over a 1 0*1 5 minuto period. The 
resulting solution was stirred at ao*C for two houre, then filtered fcwn & small amount ot solid and 
4Z concentrated under vacuum te a yellow glass that sonened at approximately 90-1 05 * C. 



SPECIFIC EXAMPLE VIM 



60 



Homopolymcrization of JSFFAMINEQ O400/M0ABMI aflQUCt 

A f-5g samyla of the glass was heated to 200* C over a as min period and held et that temperature for 
ss 3J> min. The product wae a hard, opaque r©d polymer with a decomposition temperature not yet 
determined. 
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SPECinC EXAMPLE IX 



5 Copolyrnefizatfon OT JEFFAMINE^ ED-SUU/MDABMI adrinct with JEFFAMINE £Dn-l48/£ D R-l48 BMI 
adrlnr.t* 

A mixture of 11. 3g. of ED-600 adduct and 3.38g of EDR-14cVfcpR-148 bismaleimide adduct W3E hooted 
under vacuum at 65* C for two hnurs and then poured into a 7 x 325 * 0.125 mold. The mold was 
*o heated in an oven at 180*170* C lor 2.75 hr, and tne product polymer was obtained ac c red. semitran- 
sparent plan"** w,ln some voids resulting from evolution of volatile?;*. No properties have been determined 

SPECIF \C EXAMPLES X-XXll 

Smell samples of soma of Ihw polymers were prepared from these materials by heating the 
prepolymers in a rectanQnter m old in air at t70* C 186* C A brief de&ciiption of ineir properties is Given in 
the table below. Arnirtc(s) refers to the amine reacted with the BMI source {Michael acceptor). 

20 



Z5 



Exempt© 


amin«(s) 


BMI source 


propflrtics 


X 


D-2000 


MDA 


red. flexible, Inelaetic 


XI 


T-G000 


EDH-14S 


orange, flexioie, elastic 


XII 


O400 


EDR-148 


red, flexible inelastic 


XIII 


ED-D00 


EDR-148 


brown, flexible, slightly elastic 


xrv 


T-403 


EOFM 


red, comewhat flexible, luyliisUc 


XV 


D-400 


BAEE 


red. flexible, inelastic 


XVI 


T-5000 


MDA/BAEE 


clear, yollon, dastic 


XVH 


D-400/T-403 


EDH-148 


clear, red. fle*ibte 


win 


EFV2001 


EDR-14S 


orange, translucent rather flexiDle, inelastic 


XIX 


£DR-14#D-40Q0 


fcDR-148 


brown, opaque. v$ry flexiblo and cloatio 


XX 


EDR-148>T^5000 


EDR-143 


brown, upaque, flexible and strong 


XXI 


ET-30UU 


EDR-148 


transparent, flexible, olaotic 


XXII 


0-230 


EDR-148 


red, Translucent, somewhat flexible, inelastic 



Amines and BMI sources beginning with D-. CD-, EDR% ui ef> refer to tn© JEFFAMINE amine pmrincts 
designated as shown. BAEE is blStaminoethyDether and MDA is d.d'-methylone dionilina. In Example XVI 
th© molar ratio of MDA to BAEE ic 1:1. 

Claims 

1. A bismateimide dftriv^tive characterised tn that it hea the formula A or B and that it is formed at a 
45 temperature suflicteul lu uause thermal reaction between heated components of the mixture of: 
fa) ar tea«?t one diamine of the formula 
H 2 NCH 2 CH 3 -(<lCH2CM2-) 0 -NH2 
wherein n ©quale 2, 3 or 4 and 
(b) maieic anhydride 

60 wherein components (o) end <b) form a Wsmaleamlc acid represented by the formula 

0 0 0 0 

^"''^ 

which is further reacted wtth acetic annydride to form a bism*l«imide of th© formub A: 
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wnerein n = 2. 3 or 4. which optionally can bo further reacted with a polyoxva/kyleneamine with a 
io molocular weight greater Uian about 200 resulting in a bismaleirnide dorfv3tivo of e higher mulycula; weignt 
polyoxyalkylenaamine of formula B: 



75 



0 . o 
// - If H x 

Sir 



w wherein rV and R s are independently alky! or hydrogen, x, y and z depend on the aminw used, n is 1, 2. or 

X <*nd m is predominantly 1. 

2, A derivative accoroing to claim t ch?raeteri$ed In that tho diamine component is selected from 

diethylon© glycol diamine, triethylene glywl diamine and tetraetnylene glycol diamine, bicaminocthy! ether, 

JErFAMINE^ EDH-148 and JEFFAMINF© EDR-192. 
ao 3. A biemateimidc derivative according to Claim l Characterised in that it has the formula: 

0 ' 
ir 

35 f ^ NC V H 2^ OCtf 2 CH zV N C"l 



& 
0 



wherein n - 1 . 2 or 3, with bisaminoethyl ether <j3 tho diamine reacrant ror n - 1 . with JEFFAMINF© EDR- 
140 03 tho diamine rwacEaM ror n = 2, and with JEFFAMINR© EDFM92 as tho diamine reaciant fur n = 3. 
4. A copolymer wherein on© polymer comprises a kfcrnalelmlde compound of the formula* 



« 0 0 

ir^ 

[|^NCH 2 CH 2 -(-OCH 2 CH 2 ) n - NN ^J 
w 0 0 



wnerein n equals 2, 3 or 4 and wherein the copolymer comprises a compouno selected from the group 
consisting of aliphatic or aromatic diamines and unsaturated compounds. 

5. A morhod of preparing 3 bfcmaleimide derivative characterised in that it comprises reacting a 
polyoAyalkytettttamlne in a cnloroform solution with an aromatic bicmaleimide in a Uiiorotorm solution, 
optionally heating th© solution and subjecting lliw sulutlon to a vacuum to recover the aromatic biemalcimide 
product 
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fy A method according to claim Z chardUyrteeC in Thai trie polyoxyalkylenoamino ic of the formula 
HaN-l-CHRXH 2 0-M^HR z CH a O-) 7 -{-CH s CHffp.) s . r CH ( CHn , NH2 

wher© R 1 and R ? are indepeudenUy* alkyl or hydrogen, and y. and z depend on the amine used, 
1, A method according to claim & characterised in Ural the polyoxyaikyleneamine is of the formula: 
5 NH 2 CH(CH 3 )Crt 2 -{OCH 2 CH(CH 3 ))st*H 2 . 
NH 3 CH(CH3)CH E ^CH(CH 3 )CH^ 

or 

H S N-CH 2 CH^(CCH 2 CI »z)n-NH2 
where n - 1 or 2. 

ro 0- A rnetlrtXJ according to any or Claims 5 to 7 characterised in that tho aromatic bismalylmloe is 4,4 - 
bi^aletmidodi pbenylmethano. 

9. A method accorCing- to any of claims 5 to 8 charaotoriood in that the solution is heated at a 
temperature of from 50 C-1£5 C- 

1U. A method tor Dreparino a liquid' blsmaloimidoacpartimide prcpolynw from ins soiia bismaleimidR of 
16 tho formula: 

0 



20 I ^NCH- 2 CM 2 -(-OCH 2 CH 2 ) n -H 

T V 

0 o 

2S characterised in that it comprlCG5 reacting said solid blsmaJeimidG with triethytenf; glycol diamino at e 
temperature Of Trom 0* C to 125* C to form a lir)'»d prepolymor suitable for poly mentation. 

11. A liquid btcmaloimidoa3partimide picpolymer characterised in that It comprises 60 to 00 weight 
percent bismaJeimWe of the formula: 



OS 



«0 



V 




NCH^CH^-OCH^) -*f 



v/hcrcin n » 2, 3 or 4, aixl 10 lo 40 weight percent triethylene Qlycol diamino. 

12, A novel aromatic htemateimido derivative characterised in that ft nas the rormuta: 

0 0 H° l °, 

Jf yL^-(-Ci« 1 CH 2 0O x -<OR 2 CM 2 d.) J -<-CH 3 CMR 1 0-J I . 1 -a^CHa 1 rf^ > 



wherein R 1 and R* are inaeoendently alkyt nr hydrogen, x, y r and z depend on the amine usea, and m is 
predominantly 1 . 

13. Anv homopofymer or enpniymer characterised in that it is formed by using the blsmaloimide of 
claim ^Z. 
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